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© Magnetic recording media, and magnetic record- 
ing systems using such media, are disclosed which 
incorporate a light-transmitting optical grating at least 
substantially coextensive with the magnetic record- 
ing area A second light-transmitting optical grating 
(^is associated witii tiie magnetic transducer or 
^read/write head. A moire pattern is produced by liglit 
transmitted through both optical-gratings, and 
^changes in tiie moire pattern resulting from changes 
^in the alignment of tiie optical gratings resulting from 
movement of the read/write head relative to the 
1^ media are utilized to provide servo information to 
^keep the magnetic transducer aligned with the mag- 
^netic track. 



Higher magnetic recording capacities may be 
obtained using such media and systems, since none 
of the magnetic recording area is used for servo 
information. 
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Magnetic recording media, systems using same, apparatus for use therewltii and metliod f position- 
ing a read/Mrrlte head adfacent a magnetic recording medium. — 



This invention relates to novel magnetic record- 
ing media and to methods and apparatus to assure 
correct locating of information recorded on such 
magnetic recording media. 



Background of the Invention 

Magnetic recording media, e-g^ floppy disks, 
rigid disks and tape, record information in "tracks". 
The number of such tracks per inch is In large part 
a function of the sdbiHty to reliably and reproducibly 
locate particular tracks and ensure the read/write 
head accurately follows a track once It has been 
located. Conventional 5 1/4" floppy disks usually 
have 48 or 98 tracks per Inch ["tpi"], while 3 1/2" 
floppy disks have 135 tpi. In contrast, a Winchester 
disk typically carries 1,000 tpi, but special means 
must be provided to reliably servo, i.e., control 
movement of the read/Write head and hold it on 
track, it Is very desirable to increase the number of 
tracks per Inch for floppy magnetic media, so that 
appreciably more Information may be stored on the 
same area. 

As the number of tracks per inch increase, the 
space between tracks decreases, thus requiring a 
narrower read/write head width as well as more 
predse tracldng to avoid reading/writing on more 
than the intended track. The read/write head should 
be centered on the track and not raad or write on 
adjacent tracks, if the magnetic recording medium 
. is a floppy disk, the problem of accurate tracking is 
made harder by anisotropic dimensional changes, 
e.g., in the typical polyester support, as a function 
of temperature and humidity changes, possibly re- 
sulting in an "elliptical" track configuration in place 
of the desired circular track; by vibration of the disk 
during high speed rotation changing the relative 
position of the disk to the head or preventing tiie 
disk from being truly fiat; off*center positioning due 
to wear of tiie disk center hole witii repeated use; 
off-center positioning when used in different drives, 
etc. Indeed, tiie "on center" positioning of the 
center hole during manufacture of the disk itself is 
subject to variation. 

The art has recognized the need for higher tpi 
values, and a number of approaches to the requi- 
site tracking ability have been tidied with varying 
degrees of success. 



One approach to tiiis problem is disclosed In 
U.S. Patent No. 3.130,110 issued April 21. 1964 to 
Schmidt, wherein it is proposed to cut spiral 
grooves into part of the disk to provide tracking 

5 guidance. Embossed (raised) spiral grooves to pro- 
vide a guide pattern are disclosed in U.S. Patent 
No. 3,772,081 to Franer. 

Japanese Kokal (Published Patent Application) 
59-14644 published August 22, 1984, proposes to 

IP leave outer and inner areas of a magnetic disk 
uncoated with magnetic material, and to use a light 
transmission type optical sensor to detect the mag- 
netic area edge and effect alignment to facilitate 
track position following. 

75 U.S. Patent No. 4,516,177 issued May 7. 1985 
to Moon, et al., U.S. Patent No. 4,396,959 issued 
August 2, 1983 to Hanlson, et al., and U.S. Patent 
No. 4.419,701, issued December 6, 1983 to Har- 
rison, et ai. (ail asssigned to Quantum Corporation), 

20 propose to use an optical encoder to provide 
"coarse" servo control of the read/write head to 
position tiie head close to a track, the disk having 
factory pre-recorded thereon radial sector bursts to 
provide centeriine correction information to provide 

26 tine conrection and keep the read/write head in 
centeriine alignment with tiie desirad track. The 
optical encoder (see, e.g., Rgure 5 of Ham'son. et 
ai., U.S. Patent No. 4,396,959) comprises a light 
source, a scale having a series of equally closely 

30 spaced microscopic radial line's, and an integrated 
circuit photosensitive rotide-masked array, which in 
combination produce light and dark polyphase 
(quadrature) patterns used to generate a servo 
waveform. The optical encoder is completely sepa- 

35 rate from the magnetic disk. 

IBM Technical Disclosure Bulletin, Vo. 27, No. 
8, January 1985. pp. 4877-4873, entitied 
"Servowriter Reference Clocks from Shaft En- 
coder", discloses a moire fringe optical encoder 

40 mounted directly to the main drive spindle close to, 
but separate from, the magnetic disk. 

U.S. Patent No. 4.633.038 issued January 4, 
1972 to Falk discloses an optical system for posi- 
tioning a transducer in registration witii a track on a 

45 magnetic tape or disk. A pair of optical masks 
having aJtemating opaque and transmissive lines 
are positioned so that light passing tiirough both 
masks strikes a pair of photocells. One optical 
mask is mounted on the transducer carriage so as 

50 to move across the second optical mask as the 
transducer is moved laterally across the magnetic 



3 



0 257 713 



4 



tracks. The light striking the photocells generates a 
signal which may be used to identify the track 
position of the transducer. Again, the optical masks 
are separate from the magnetic media: 

U.S. Patent No. 4,558,383 issued December 

10. 1985 to Johnson and U.S. Patent No. 4,587,579 
issued May 6, 1988 to Cocke, et al. disclose mag- 
netic media bearing maridngs which can be de- 
tected opticaiiy by reflection to provide a servo 
signal. U.S. Patent No. 4,570,191 Issued February 

11. 1986 to DiStefano, et al. discloses optical sen- 
sors suitable for mounting in the slider housing the 
read/write head, the optical sensor being used to 
detect such reflected optical servo tracks or indica 
positioned on the magnetic media, as contemplat- 
ed, inter alia, by said Johnson and Codke, et al. 
patents. 

IBM Technical Disclosure Bulletin, Vol. 16, No. 
9, February 1974, p. 3020, discloses an "Optical 
Servo Technique Using Moire Fringes", wherein a 
grating of opaque or non-reflecting concentric cir- 
cles with equal reflecting spaces is fonmed on tiie 
magnetic storage hard disk (redudng the area 
available for magnetic recording), and a grating of 
parallel opaque or non-reflecting lines of the same 
dimensions is provided on a transparent member 
positioned on the slider carrying the read/Write 
head. Light from a light-emitting diode [LED], also 
positioned on the slider <or arm) canrying the 
read/write head, is reflected off the disk grating to 
fbnm a moire pattern with tiie slider grating if the 
slider is skewed by a few degrees with respect to 
tile disk. A sinusoidal optical density variation pro- 
duced by changes in the moire pattern can be 
detected by photodiodes, and phase changes in 
tile sinusoidal output can be interpolated by suit- 
able electronic drcuitry to provide directional in- 
formation to position the head over the de^red 
track. 

Otiier apfMt)aches to solving the problem in- 
clude providing magnetically recorded, spaced ser- 
vo track information, e.g., the so-called "embedded 
servo". The servo signals typically divide ttie disk 
into sectors, with the result that recording is not on 
a continuous track and servo information is not 
continuous. In addition, the magnetic area available 
for recording infbnnation is reduced by the area 
dedicated to the magnetic servo Information. Yet 
anotiier approach is disclosed in POT Published 
Application WO 85/02933 published July 4, 1985, 
wherein it is proposed to provide servo information 
by tile use of optical recording tracks positioned 
between magnetic tracks to provide optical guide- 
lines readable by reflected light 



Most, if not all, of the prior systems, noted 
above suffer from the disadvantage of reducing the 
magnetic surface area available for magnetic re- 
cording. In addition, tiie information signal used for 
6 servo purposes is usually discontinuous, resufting 
in intermittent servo changes. 



Summary of the Invention 

10 

The present invention provides magnetic re- 
cording media adapted to provide continuous servo 
information using a light-transmissive optical grat- 
ing in combination with a continuous magnetic lay- 
16 er, without reduction in the area of the magnetic 
coating being avaiiat»le for magnetic recording due 
to tiie presence of the optical grating. Apparatus 
and systems using this new media also are pro- 
vided. 

20 The novel magnetic .recording media of tills 
invention are light-transmissive and include floppy 
disks, rigid disks, and tapes. 

In accordance witii this invention, the magnetic 
recording media include a light-transmitting optical 

2$ grating adapted to provide a moire pattern in com- 
bination witti a second or reference light-transmit- 
ting optical grating associated with tiie read/write 
head. Variations in the moire pattern resulting from 
varying tiie relative positions of tiie optical gratings 

30 from a predetemnined or "normal" alignment mag- 
nify tiie non-alignment and are used to provide 
positioning information to control servo means to 
keep the read/write head, in the desired alignment 
with a particular track. The optical grating covers 

35 an area at least substantially coextensive with tiie 
magnetic recording area of tiie media, and may 
extend outside of tiie magnetic recording area. 

TTie use of a light-transmitting optical grating 
makes possible a double-sided magnetic disk us- 

40 Ing only one such grating (in tiie disk) and a single 
light source. By controt, ttie prior art Hart reflec- 
tion moire system is limited to a single-sided disk 
unless a second optical grating and a second light 
source are used. 

45 Further, tiie use of the moire servo system of 
tills Invention avoids the expensive and time-con- 
suming factory recording of magnetic servo in- 
formation on each disk. 

50 

Detailed Description of tiie Invention 

The generation of moire patterns formed by 
two optical gratings of tiie same or slightly different 
55 pitch is a well known phenomenon. Slight changes 
in the relative positions of tiie two gratings are 
opticaiiy amplified or magnified by the resulting 
relatively larger scale changes in the moire pattern. 
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This invention utOizes this phenomenon to provide 
novel magnetic recording media incorporating fight- 
transmissive optical gratings adapted to generate 
metre fringes. I\^eans also are provided for detect- 
ing changes In the moire patterns formed by light 
transmitted tiirough the optical grating in the mag- 
netic recording medium and through a second or 
reference optical grating mounted wrtiiin the ap- 
paratus, and.to use signals generated by photocells 
indicative of said moire changes to control servo 
means to adjust tiie relative position of a read/write 
head or magnetic transducer with respect to the 
media in response to the detected: changes in the 
moire pattern. 

The optical grating incorporated In tiie mag- 
netic recording mecfia of this Invention may be any 
light-transmisslve opitical grating adapted to provide 
a moire pattern in combination with a second op^ 
tical grating of tiie same or of a different type, fn 
some preferred embodiments; the optical gratings 
differ in pitch, i.e., in the number of lines per inch. 
One example of a suitable optical grating is a 
lenticulated layer comprising lines of lenticules 
(lenticular lenses) providing the desired number of 
lines. In the preferred embodiments, the opti'^cal 
gratings comprise opaque lines spaced apart by 
transparent fines preferably of equal width; such 
optical gratings are sometimes referred to as a 
"Ronchl" grating. A Ronchi optical grating may be 
used as the reference optical grating in combina- 
tion with eitiier type optical grating Ir tiie magnetic 
recording media. 

The invention will be further described in con- 
junction with the drawings wherein: 

FIGURE 1 is a cross-sectional, exaggerated 
diagram of a single-sided, light-transmitting mag- 
netic recording medium incorporating a lenticular 
optical grating; 

FIG. 2 Is a cross-^ctional, exaggerated dia- 
gram of a double-sided, light-4ransmitting magnetic 
recording medium incorporating a lenticular optical 
grating; 

RG. 3 is a cross-sectional, exaggerated diar 
gram of a single-sided, light-transmitting magnetic 
recording medium incorporating an optical grating 
comprising opaque lines; 

FIG. 4 is a cross-sectional, exaggerated dia- 
gram of a double-sided, light-transmitting magnetic 
recording medium incorporating an optical grating 
comprising opaque lines; 

RG. 5 is a representation of a sinusoidal 
light Intensity curve of a moire pattern produced in 
accordance with a preferred emt)odiment of this 
invention, the curve being superposed on a frag- 
mentary cross-sectional view of a pinhole and light- 
detector assembly used to generate the curve as a 
function of variations In the intensity of the light 
transmitted through the pair of optical gratings; 



RG. 6 reproduces a moire pattern illustrative 
of pattern changes due to non-alignment and thus 
useful in the practice of tills Invention; 

RG. 7 is a cross-^ctional fragmentary view - 
s of one embodiment of the apparatus of this inven- 
tion, shown In association witii a magnetic record- 
ing medium Incorporating a lenticular optical grat- 
ing; 

RG. 8 is a cross-sectional fragmentary view 
70 of another embodiment of the apparatus of this 
invention, shown in association with a magnetic 
recording medium incorporating a Ronchi optical 
grating; and 

RG. 9 is a cross-sectional fragmentary view 
75 of yet another embodiment of the apparatus of this 
invention, shown in association witii a magnetic 
recording medium incorporating a Ronchi optical 
grating. 

As noted above, the magnetic recording media 

20 of tilts invention are ligiit-transmitting. Accordingly, 
the media utilize a transparent support, either rigid 
or flexible, and: the coatings payers) carried thereon 
are light-transmlssive of a predetennlned 
wavelength or wavelengtii range capable of being 

25 selectively detected by a photodetector. The light 
transmitted by the magnetic recording medium 
may be visible ligfit or invisible light and in the 
preferred emfcKtdiments is infrared light A variety 
of light sources may be used, including Incandes- 

30 cent lamps, light-emitting diodes (LED) and laser 
diodes. Light trarismitted through the magnetic re- 
cording medium and the reference optical grating 
varies In Intensity as a function of the phase align* 
ment of the optical gratings. The transmitted light is 

3B detected by suitable photocells or photodetectors 
which convert tiie light intensity into electrical sig- 
nals representative thereof. The photodetectors are 
positioned so that they detect the maximum and 
minimum light Intensities when the optical gratings 

40 are property aligned, so that the electrical signals 
from one Is out of phase witii the otiier by, e.g., 
180^ or 90*". These phase displaced signals are 
compared, and changes in the differences therein 
are used to control suitable servo means to align 

45 the magnetic transducer witii the intended mag- 
netic track and to keep the transducer so aligned. 

The read/write head and the photodetectors 
should be adjacent each otiier to minimize changes 
In the magnetic -and -optical axes due to thermal 

so changes during use. This arrangement also permits 
the head access window in the disk cassette or 
cartridge to be small. 

It will be understood that by "opaque" it Is 
meant that the opaque lines forming tiie Ronchi 

55 optical grating should exhibit bw transmission of 
the wavelengtii range of tiie visible or invisible light 
intended to be transmitted through the magn tic 
recording medium, including tiie optical grating, to 
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form the desired moire pattern. The more opaque 
the lines are to ^e wavelength range of th utilized 
Gght the higher ^e signal to noise ratio will be in 
the moire pattem. In general, a delta of about 1.5 to 
2.0 in maximum and minimum transmission den- 
sities of the optical grating is suitable. Complete 
opaqueness is not required If the signal to noise 
ratio of the transmitted light, l.e., the ratio of ttie 
light transmitted through the non-opaque areas 
compared with the light transmitted, If any, through 
the opaque areas, is sufficient for the detector 
system to provide the desired signals. Higher 
signal-to-noise ratios permit the use of lower watt- 
age light sources. It Is usually advantageous to 
select a narrow bandwldtti of light as the transmit- 
ted light, with the detector designed to selectively 
accept a somewhat wider bandwidtti, thereby as- 
suring ttiat minor variations in the light source will 
be accomodated. In the preferred emtx)dlments 
using a Ronchi optical grating, the prefenred light 
source Is a LED or laser diode emitting Infrared 
light of about 850 nm. 

it will be understood that in describing the 
magnetic recording media as having a 
"transparent" support, and the layers canied by 
said support as being "light-transmitting" or "light 
transmlssive", said tenns are used with respect to 
the predetenmined wavelengtt)(s) of light to which 
the selected photodetectors respond. Thus, the 
magnetic recording layer may comprise any of the 
conventional magnetic recording particles, such as 
gamma fenic oxide or barium fenite, and accord- 
ingly will appear to be "colored" even though It is 
in fact substantially transparent to selected 
wavelengths. 

For convenience in tiie following more detailed 
description of tiie invention, it will be assumed that 
the magnetic recording medium ts a floppy disk, 
and ttie optical gratings have a drcular pattem. (As 
noted above, the Invention also is applicable to 
rigid disks and to tapes.) 

Refemng to RG. 1, a single-sided magnetic 
disk 10 comprises a transparent support 12 canry- 
Ing on one surface a layer 18 of magnetic record- 
ing particles and on the other surface an optical 
grating 14 comprising lines of lenticules 14a. As 
shown in FIQ. 2, the single-sided disk 10 may be 
converted to a double-sided disk '10a by over- 
coating the lenticular layer 12 witii a transparent 
polymer having a different refractive index to pro- 
vide a smootii surface on which a second layer ISa 
of magnetic recording particles is coated. 

The formation of lenticular layers per se, e.g., 
by molding or embossing-techniques, is not a part 
of tills invention; since such techniques are well 
known in tfi art, a detailed description of ttie 
preparation of lenticular optical gratings is not nec- 
essary. One particulariy useful technique, however, 



is to electron beam cross-link a polymer coating 
while it is held against a suitable "negative" mold 
of tiie desired lenticular pattem. It will be under- 
stood, of course, ttiat tiie focal lengtii of ttie len- 
6 ticular lenses is selected in accordance witii ttie 
geometiic distances between tiie lenticular layers 
In ttie particular recording system, and accordingly 
ttie focal lengtti determination is a matter of routine 
calculation and experimentation. 

70 In the prefenred embodiments of this invention, 
as noted atove and as shown in RQS. 3 and 4. ttie 
optical grating is a Ronchi comprises opaque lines 
spaced apart by clear lines of ttie same widtii. 
Thus, tiie single-sided magnetic disk shown in RQ. 

16 3 comprises a transparent support 12 canrying on 
one surface a layer 16 of magnetic recording par- 
ticles, while tiie ether surface carried an optical 
grating 22 comprising opaque lines 22a spaced by 
clear lines 22b of equal widtti. By coating a second 

20 layer 16a of magnetic particles over ttie optical 
grating 22, ttie single-sided magnetic disk 20 of 
RQ. 3 may be converted Into tiie double-sided 
magnetic disk 20a shown in RG. 4. 

The opaque lines 22a may be forced by any 

26 method suitable for ttie desired number of lines per 
inch. As examples of suitable metiiods, mention 
may be made of photoiltiiographic techniques and 
photographic imaging technk^ues using photottier- 
mai materials, silver halide, sliver transfer, 

30 photoresist, etc. as well as such techniques as 
etching and vacuum deposition. The selection of a 
particular mettiod of forming ttie desired opaque 
lines will be influenced by such factors as process 
economics, tiie number of lines per Inch, and tiie 

35 desired "opacity" or ti^nsmission densities of tiie 
opaque and clear lines of the desired optical grat- 
ing for a given embodiment Such techniques for 
forming Ronchi gratings are per se well known and 
need not be described in detail here. It will be 

40 understood that tiie Ronchi grating shouki exhibit a 
smooth surface upon which a magnetic layer may 
be coated; if ttie surface is not smootii or is In fact 
irregular. e.g., as in a photoresist a suitable poly- 
mer may be coated over It to fill in the spaces and 

45 provide tiie desired smootti surface. 

The optical grating associated witti the 
read/write head preferably differs from tiie optical 
grating incorporated In tiie magnetic disk by ± n 
lines. In the preferred embodiments, n = 8 (e.g., 

50 ttie optical grating in ttie disk has 548 lines, while 
ttie reference optical grating has 540 lines) and ttie 
resulting moire sinusoidal pattem has 8 peaks 
(opaque/dear line pairs) per inch giving 180' sens*- 
ing of tiie phase changes using a pinhole and 

55 detector axial spacing of 0.0625 inch between ttie 
detectors. The high effidency of ttie optical am- 
plification of relative movement is lllusttated by tiie 
fact that where n = 8 a relative lateral movement 
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between the two optical gratings of 0.0018 inch will 
effect a movement in the moire pattern of 0.125 
inch. The sine wave sinusoidal pattem obtained 
wherein n = 8 is illustrated in RG. 5 superposed 
on a pinhol and light detector assembly, wherein 
coliimated light beams 30 and 32 are positioned in 
alignment with two-element photodetector 
(photodiode) 36. if one calibrates detectors 36a and 
36b for light intensities corresponding to the half- 
amplitude or midpoints "A" and "B** between the 
peaks and troughs of the ^nusotdal curve 
(corresponding to the maximum and minimum light 
transmissions, one can "zero out" the two light 
intensities, and calibrate the system so as to use 
the magnitude of the departure from "zero" to 
indicate how the magnetic transducer should be 
moved to keep it aligned with the track. If n = 4, 
the moire pattem will exhibit 4 peaks (opaque/clear 
line pairs) per inch, and sensing will be phase 
shifted by 90°. It will be understood that one also 
may 'servo from different phase shifts in the light 
Intensities, e.g^ corresponding to the peaks and 
troughs of the light pattem produced by the 
photodetectors. 

FIG. 6 reproduces a moire pattem obtained by 
superposing an optical grating of 548 lines 
(circles) per inch over a similar grating of 540 lines, 
with ^e centers of the optical gratings off center 
with respect to each other. This moire pattem will 
vary as a function of the amount of non-alignment 
of the geometric centers of the circular optical 
gratings. While the use of straight lines instead of 
circles in the optical gratings (e.g., for use in mag- 
netic tape) will produce different moire patterns, 
such moire patterns may be similarly used to pro- 
vide servo Information and control. 

In RG. 7 there Is illustrated a disk caniage 
assembly 100 including a read/write magnetic tran- 
sducer or head 104 and a detector 106. A floppy 
disk 10 (see RG. 1) is positioned in operative 
relationship with the read/write head 104, with the 
layers tiiereof shown in exaggerated scale to facili- 
tate illustration of the operation of the lenticular 
optical grating 14. Associated wttii the detector 106 
is a reference lenticular optical grating 110 com- 
prising a transparent support 116 and a lenticular 
layer 114. The reference optical grating 10 is 
shown in exaggerated scale similar to tiie floppy 
disk 10. For Illustrative purposes, the lenticular 
optical grating 14 may t^e assumed to comprise 
544 lenses per inch, and the reference lenticular 
optical grating 114 has 540 lenses per inch (l.e., 
"n" = 4). A light source (not shown) provides 
coliimated light 108 which is transmitted by the 
magnetic coating 16 and the transparent support 
10 and focussed by lenses 14a onto lenses 114a of 
tiie reference grating 114. Lenses 114a in turn 
focus the transmitted light onto the detector as a 



low intensity or high intensity light area as a func- 
tion of the alignment or non-alignment of lenses 
14a and 114a. Conventional means converts the 
output from the dstector-106 into a sine wave 120, 

6 with the trough 120a corresponding to said low 
light intensity area and the peak 120b comespond- 
ing to said high light intensity area. The sensing 
illustrated in FIG. 7 where n ^ 4 may be referred 
to as 90** sensing. 

70 RG. 8 illustrates another embodiment of the 
Invention wherein different types of optical gratings 
are used In the floppy disk and in the detector. As 
shown, a disk carriage assembly 200 comprises an 
arm or slider 202a canrying a read/write head 204 

75 and a two element photodetector 206 including a 
Ronchi optical grating 222. The otiier arm 202b 
carries a pressure pad 210 to ensure proper con- 
tact of the read/write head 204 witii tiie floppy disk 
10. The amn 202b also carries a light source 220. 

20 ligiit from which passes through a lens 222 and 
pinholes or slits 224, and then tiirough the floppy 
disk 10 (including the optical grating 14) onto the 
lined Ronchi optical grating 222 associated witii the 
photodetector 206. As described above, alignment 

25 changes t»etween the optical gratings responsive to 
movement of the head 204 (slider 202a) produce 
changes in the moire pattem and are converted by 
conventional means into signals used to control 
servo means (not shown) to appropriately move the 

30 read/write head to keep it in alignment witii the 
desired magnetic track. 

RG. 9 illustrates another embodiment of the 
apparatus of this invention adapted for use with 
double-sided floppy disks. A disk carriage assem- 

35 biy 300 shown associated with a floppy disk 20a 
(see RG. 4) comprises an arm or slider 300a 
carrying a read/write head 302a for tiie side 0 
magnetic coating 16. The arm 300a also canies a 
dual element photodetector 306 associated witii a 

40 reference lined optical grating 322 having 540 lines 
per inch. The otiier arm or slider 300b canies a 
read/write head 302b for the side 1 magnetic coat- 
ing 16a An IR laser diode 330 provides a source of 
coliimated infrared light which is reflected by a 

45 reflector 332 tiirough a pair of slits or pinholes 334 
in the arm 300b. The thus-provided infrared light 
passes through the floppy disk 20a. Including a 
Ronchi optical grating 22 having 548 lines per inch~ 
(i-©M "n" = 8). The photodetector 306 includes a 

50 filter 306b adapted to pass substantially only in- 
frared light of a predetermined wavelengtii or 
wavelength range to tiie sensors 306a As pre- 
viously described, electrical signals generated by 
the photodetector 306 are used to-«ervo the 

55 read/write head 302a or 302b. as appropriate, with 
respect to the floppy disk 20a 
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ft will be understood that th number of fines in 
the optical gratings may be fewer than the number 
of magnetic tracks per Inch. This relationship is 
possible because the photodetactor (e.g.r 108, 206, 
306) Is collecting and averaging Information from a 
plurality of "optical tracks", e.g., 10, at the same 
time the read/write head is aligned with a single 
magnetic track. This averaging also minimizes the 
significance of any minor defects in the optica! 
grating, e-g., a local variation in the thickness or 
opacity of an opaque line. 

Suitable magnetic recording particles include 
ferric oxides, (e.g., gamma fem'c oxide and cobatt- 
doped ferric oxide), metal particles, and hexagonal 
ferrites (e.g., hexagonal barium fenite). The use of 
barium ferrite is preferred since its use maximizes 
the recording density. Suitable magnetic recording 
layers may have a thickness of about 0.5 to 2 
miaons, and may be even thicker where barium 
ferrite is used. It is common practice to include a 
conductive material such as carbon black in mag- 
netic coatings to modify the electrical properties of 
the floppy disk. If the presence of carbon black 
reduces to too low a level the transmisslvity of the 
floppy disk to tight of the desired wavelength, the 
cacbon black may be used in tower concentrations 
or replaced by a coloriess conducthre material, 
e.g., cuprous iodide in a separate layer adiacent 
the transparent support Altemath^eiy, a wavelength 
transmitted by cartx»n black may be used with an 
appropriate photodetector. 

Where it is desired to have a "rigid" disk, the 
transparent support may be composed of a ma- 
terial such as polycart>onate of appropriate thick- 
ness. 

The photodetectors are conventional in nature. 
Similariy, conventional servo means (not shown but 
well known in the art) may be used, and, e.g., may 
include a stepper motor or a linear actuator, the 
latter being preferred. 

The use of Ronchi gratings is preferred to the 
use of lenticular optical gratings, as the Ronchi 
gratings exhibit a greater tolerance of changes in 
the physical spacing between gratings during use. 
As will be apparent from RG. 7. changes in the 
physical spacing between tiie two lenticular grat- 
ings and consequent changes in the focussing of 
the transmitted light should be kept to a minimum 
to avoid unintended signal variations. 

In a particulariy useful embodiment the Ronchi 
optical gratings are formed by silver diffusion trans- 
fer techniques. A suitable film structure for this 
purpose comprises a transparent polyester base 
- (having a thickness suitable for use as the support 
for a floppy disk) canrying, in sequence, a silver 
transfer image-receiving layer composed of silver 
precipitating nuclei, a protective layer, a release 
layer^and a silver haiide emulsion layer. After expch 



sure to a master negative image of tiie desired 
Ronchi pattern, a viscous processing fluid is dis- 
tributed between the exposed silver haiide emul- 
sion and a cover sheet After a suitable processing 
5 period in which unexposed silver haiide is dis- 
solved and transferred to the image-receiving layer 
to form a positive silver transfer Image constituting 
the desired Ronchi pattem, the cover sheet is 
stripped off together witii tiie layer of processing 

TO fluid and tiie layers (silver haiide emulsion, etc.) 
above tiie release coat. The protective layer may 
serve as a layer upon which a magnetic coating 
may be applied, provided tiie release coat has 
been removed or its presence does not adversely 

15 affect adhesion to tiie magnetic or otiier coating(s). 
Silver diffusion transfer films of this type are known 
in tiie art and no furtiier description Is necessary. 

The reference Ronchi gratings may be fonrned 
by photographic exposure and development of a 

20 high contrast conventional silver haiide film, such 
as Kodalith film available from Eastman Kodak Co. 
Such Ronchi gratings may be used as a compo- 
nent of the magnetic media provided the magnetic 
coating may be satisfactorily adhered to the sllver- 

26 containing gelatin layer or to a layer coated over it 
Where appropriate, a protective coating may 
be applied to prevent excessive wear of the optical 
grating, e.g., lenticular grating 14 of RG. 1 or 
Ronchi grating 22 of RG. 3. 

30 A collimated light source should be used where 
the optical grating is lenticular. A point source of 
light is prefenred where the optical gratings are 
Ronchi gratings. 

The optical grating in tiie magnetic disk may 

S5 be used to form- a moire pattem suitable to center 
the magnetic disk hub relative to tiie optical grating 
on tiie disk. The photographic master image used 
to form the Ronchi lined optical grating also may 
Include centering markings to fadlitate accurate 

40 location of the center hole. 

In a particularly useful embodiment tiie optical 
grating does not extend to the edge of tiie disk or 
tape. Atthough tiie magnetic layer covers the whole 
surface, only a portion is used for magnetic record- 

45 ing. The optical grating preferably extends beyond 
tiie magnetic recording area, and a test or refer- 
ence line may be printed in "clear" area between 
tiie disk edge and the optical grating. By compar- 
ing the point at which tiie detector ^ sees tiie 

50 moire (from the optical grating or from tiie refer- 
ence line in the clear area) and tiie axial position 
when the read/write head first sees a magnetic 
track, one may calculate any offset needed to 
calibrate the system for conrect functioning witii 

65 different disk drives. 
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As noted abov , this invention facilitates fab- 
rication of veiy high density magnetic recording 
media. As an exampla, by using barium ferrlte at a 
linear density of 40 Icfci and 540 tpu and rotating 
the disic at 1200 rpm, a 3 1^ inch floppy disk with 
a recording capacity of 10 megabytes per side 
may be obtained. Individual magnetic track width in 
this Instance is approximately 0.0018 inch, with a 
guard band of the same width (the magnetic track 
may, however, be wider than the guard band). 

It will be seen from the above description that 
tiiis Invention provides magnetic recording media 
adapted to record substantially more magnetic in- 
formation in a given magnetic area (i.e.» more tpi) 
while making available substantially continuous ser- 
vo information by providing an optical grating at 
least substantially coextensrve with the area upon 
which magnetic Information Is to be recorded. 

The magnetic coating may be applied before 
or after the optica! grating Is provided on tiie trans- 
parent support, provided that components used in 
the second coating, e.g., organic solvents, do not 
adversely affect the first coating. 

While the invention has been desoibed in de- 
tail with respect to specific embodiments thereof, it 
will be apparent to one skilled in the art. that 
various changes and modifications can be made 
thereto without departing from the spirit and scope 
thereof. 



each side of said transparent support, and said 
light-transmitting optical grating is positioned be- 
tw en said layers of magnetic recording material. 

7. A magnetic recording medium as defined in 
5 claim 3, wherein said opaque concentric circles 

number more than 500 lines per inch. 

8. A magnetic recording medium as defined in 
claim 1 wherein said magnetic recording material is 
barium fenite. 

10 9. A magnetic recording medium as defined in 
claim 1 wherein said transparent support is flexible. 

10. A magnetic recording medium as defined 
in clcdm 10 wherein said flexible transparent sup- 
port is polyester. 

75 11. A magnetic recording medium as defined 
in claim 1 wherein said transparent support is rigid. 

12. A system for magnetically reading and/or 
writing data in a selected one of a plurality of 
tracks on a magnetic recording medium, said sys- 

20 tem comprising, in combination: 

a light-transmitting magnetic recording medium 
comprising a transparent support, a continuous 
iight-tiransmitting layer of magnetic recording ma- 
terial carried on one or both sides of said transpar- 
25 ent support said transparent support also carrying 
a light-transmitting optical grating at least substan- 
tially coextensive witii tiie area upon which mag- 
netic tracks are recorded; 
a read/write head; 

means for positioning said magnetic recording me- 
dium in read/write relationship with said read/Write 
head and for moving said magnetic recording me- 
dium in relation to said read/write head to generate 
read/write signals; 

photodetector means adapted to provide an elec- 
tical signal as a function of light Inddent thereon, 
said photodetector means including a reference 
light-transmitting optical grating adapted, in coni- 
bination with said optical grating in said magnetic 
recording medium, to provide a pattern detectable 
by said photodetector means, said photodetector 
means being adapted to provide electrical signals 
indicative of the light incident thereon; 
a light source, said light source positioned to pro- 
ject light through said magnetic recording medium 
to said photodetector means; 
means for comparing changes in said electrical 
signals as a function oT changes in said pattern in 
response to relative movement of said optical grat- 
ings; and 

servo means to change the position of said 
read/write head in response to said changes in said 
pattern to maintain said read/write head in align- 
ment with a 'selected magnetic track. 

13. A system as defined in claim 12, wherein 
said light source provid s infrared light of a pre- 
determined wavelength. 



Claims 

1. A magnetic recording medium comprising a 
transparent support, a light-transmrtting continuous 35 
layer of magnetic recording, material carried on at 
least one side of sad transparent support, said 
transparent support also carrying a light-transmit- 
ting optical grating, said optical grating t>eing at 
least substantially coextensive with the area upon 4o 
which magnetic information is to be recorded. 

2. A magnetic recording medium as defined In 
cl^m 1. wherein said optical grating comprises a 
lenticular layer. 

3. A magnetic recording medium as defined in 45 
claim 1 wherein said optical grating comprises sub- 
stantially opaque concentric circles. 

4. A magnetic recording medium as defined in 
claim 3 wherein- said substantially opaque concen- 
tric circles are substantially opaque to infrared so 
light 

5. A magnetic recording medium as defined in 
claim 3 wherein said sutistantially opaque concen- 
tric circfes comprise silver. 

6. A magnetic recording medium as defined in 55 
claim 3, wherein a light-transmitting continuous lay- 
er of magnetic recording material is cam'ed on 
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14. A system as defined in claim 13, wherein 
said Infrared light has a wavelength of about 850 
nm. 

15. A system as defined in claim 13, wherein 
said photodetector means are adapted to provide 
90"* phase shift sensing of said pattern. 

16. A system as defined in claim 13 wherein 
said photodetector means are adapted to provide 
180** phase shift sensing of said pattern. 

17. A system as defined in claim 13, wherein 
said light-transmitting optical grating in said mag- 
netic recording medium and/or said reference op- 
tical grating is a Ronchi optical grading. 

18. A system as defined in claim 13 wherein 
said photodetector means and said read/write head 
are canied on a slider in close proximity to each 
other. 

19. Apparatus for use witii a magnetic record- 
ing medium of the type comprising 

a light-transmitting magnetic recording medium 
comprising a transparent support, a continuous 
light-transmitting layer of magnetic recording ma- 
terial canied on one or ix>tii sides of said transpar- 
ent support, said transparent support also canrying 
a light-transmitting optica] grating at least substan- 
tially coextensive with the area upon which mag- 
netic tracks are recorded, said apparatus compris- 
ing: 

a read/write head; 

means for positioning a magnetic recording me- 
dium of said type in read/write relationship with 
said read/write head and for moving said magnetic 
recording medium in relation to said read/write 
head to generate read/write signals; 
photodetector means adapted to provide an elec- 
trical signal as a function of light incident thereon, 
said photodetector means including a reference 
light-transmitting optical grating adapted, in com- 
bination witii the optical grating in said magnetic 
recording medium, to provide a pattern detectable 
by said photodetector means, said photodetector 
means being adapted to provide electrical signals 
indicative of the light incident tiiereon; 
a Oght source, said light source positioned to pro- 
ject light through said magnetic recording medium 
to said photodetector means; 
means for comparing changes in said electrical 
signals as a function of changes in said pattem In 
response to relative movement of said optical grat- 
ings witii respect to tiie optical grating in the mag- 
netic recording medium; and 
servo means to change the position of said 
read/write head in response to s^'d changes in said 
pattem to maintain said read/write head in align- 
ment with a selected magnetic track. 

20. Apparatus as defined in claim 19 wherein 
said light source provides infrared light of a pre- 
determined wavelength. 



21. Apparatus as defined in claim 19 wherein 
said reference optical grating is a Ronchi optical 
grating. 

22. Apparatus as defined in claim 19 wherein 
5 said photodetector means and said read/Write head 

are carried on a slider in close proximity to each 
otiier. 

23. The metiiod of positioning a read/write 
head adjacent a magnetic recording medium for 

70 reading or writing data on a selected one of a 
plurality of tracks on said magnetic recording me- 
dium, said method comprising tiie steps ot 
positioning a light-transmitting magnetic recording 
medium in read/write relationship witii a read/write 

16 head, said light-transmitting magnetic recording 
medium comprising a transparent support, a con- 
tinuous Ught-transmttting layer of magnetic record- 
ing material canied on one or botii sides of said 
transparent support, said transparent support also 

20 canying a iight-transmitting optical grating at least 
substantially coextensive witii ttie area upon which 
magnetic tracks are recorded; 
moving said magnetic recording medium in relation 
to said read/write head to generate read/write sig- 

25 nals; 

projecting light tiirough said magnetic recording 
medium; 

detecting the light transmitted through said mag- 
netic recording means by photodetector means 

00 adapted to provide an electrical signal as a function 
of light Incident thereon, said photodetector means 
Including a reference light-transmitting optical grat- 
ing adapted, in combination with said optical grat- 
ing In said magnetic recording medium, to provide 

35 a pattem detectable by said photodetector means, 
said photodetector means being adapted to provide 
electrical signals indicative of the light Incident 
thereon; 

and changing tiie position of said read/write head 
40 in response to said electrical signals to maintain 
said read/write head in alignment with a selected 
magnetic track. 
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D script! n 

This invention relates to a m thod and system 
to assure corr ct locating of information r cord d 
on magnetic recording media. 

Background of the Invention 

Magnetic recording media, e.g., floppy disks, 
rigid disks and tape, record information in "tracks". 
The number of such tracks per inch (1 inch = 2,58 
cm) is in large part a function of the ability to 
reliably and reproducibly locate particular tracks 
and ensure the read/write head accurately follows a 
track once it has been located. Conventional 5 1/4" 
floppy disks usually have 48 or 96 tracks per inch 
["tpi"]. while 3 1/2" floppy disks have 135 tpi. In 
contrast, a Winchester disk typically cames 1 ,000 
tpi, but special means must be provided to reliably 
servo, i.e., control movement of the read/write head 
and hold it on track. It is very desirable to increase 
the number of tracks per inch for floppy magnetic 
media, so that appreciably more information may 
be stored on the same area. 

As the number of tracks per inch increase, the 
space between tracks decreases, thus requiring a 
narrower read/write head width as well as more 
precise tracking to avoid reading/writing on more 
than the intended track. The read/write head should 
be centered on the track and not read or write on 
adjacent tracks. If the magnetic recording medium 
is a floppy disk, the problem of accurate tracking is 
made harder by anisotropic dimensional changes, 
e.g., in the typical polyester support, as a function 
of temperature and humidity changes, possibly re- 
sulting in an "ellipticar track configuration in place 
of the desirejd circular track; by vibration of the disk 
during high speed rotation changing the relative 
position of the disk to the head or preventing the 
disk from being truly flat; off-center positioning due 
to wear of the disk center hole with repeated use; 
off-center positioning when used in different drives, 
etc. Indeed, the "on center" positioning of the 
center hole during manufacture of the disk itself is 
subject to variation. 

The art has recognized the need for higher tpi 
values, and a number of approaches to the requi- 
site tracking ability have been tried with varying 
degress of success. 

One approach to this problem is disclosed in 
U.S. Patent No. 3.130.110 issued April 21, 1964 to 
Schmidt, wherein It is proposed to cut spiral 
grooves into part of th disk to provide tracking 
guidance. Embossed (raised) spiral grooves to pro- 
vide a guide pattern are disclosed in U.S. Patent 
No. 3,772,081 to Franer. 

Japan se Kokai (Published Patent Application) 
59-14644 published August 22. 1984, propos s to 



leav out r and inn r areas of a magnetic disk 
uncoated with magnetic material, and to use a light 
transmission type optical sensor to detect the mag- 
netic area dg and ffect alignment to facilitate 

5 track position following. 

U.S. Patent No. 4,516.177 issued May 7. 1985 
to Moon, et al., U.S. Patent No. 4,396,959 issued 
August 2, 1983 to Harrison, et a)., and U.S. Patent 
No. 4.419,701. issued December 6, 1983 to Har- 

10 risen, et al. (all assigned to Quantum Corporation), 
propose to use an optical encoder to provide 
"coarse" servo control of the read/write head to 
position the head close to a track, the disk having 
factory pre-recorded thereon radial sector bursts to 

75 provide centerline correction information to provide 
fine correction and keep the read/write head in 
centerline alignment with the desired track. The 
optical encoder (see. e.g., Figure 5 of Harrison, et 
al., U.S. Patent No. 4,396,959) comprises a light 

20 source, a scale having a series of equally closely 
spaced microscopic radial lines, and an integrated 
circuit photosensitive reticle-masked array, which in 
combination produce light and dark polyphase 
(quadrature) patterns used to generate a servo 

25 waveform. The optical encoder Is completely sepa- 
rate from the magnetic disk. 

IBM Technical Disclosure Bulletin, Vo. 27, No. 
8, January 1985, pp. 4877-4878, entitled "Ser- 
vowriter Reference Clocks from Shaft Encoder", 

30 discloses a moire fringe optical encoder mounted 
directly to the main drive spindle close to. but 
separate from, the magnetic disk. 

U.S. Patent No. 4,633,038 issued January 4, 
1972 to Falk discloses an optical system for posi- 

35 tioning a transducer in registration with a track on a 
magnetic tape or disk. A pair of optical masks 
having alternating opaque and transmissive lines 
are positioned so that light passing through both 
masks strikes a pair of photocells. One optical 

40 mask is mounted on the transducer carriage so as 
to move across the second optical mask as the 
transducer is moved laterally across the magnetic 
tracks. The light striking the photocells generates a 
signal which may be used to identify the track 

45 position of the transducer. Again, the optical masks 
are separate from the magnetic media. 

U.S. Patent No. 3,558.383 issued December 

10, 1985 to Johnson and U.S. Patent No. 4,587,579 
issued May 6, 1986 to Cocke, et al. disclose mag- 
so netic media bearing markings which can be de- 
tected optically by reflection to provide a servo 
signal. U.S. Patent No. 4.570,191 issued February 

11, 1986 to DiStefano, et al. discloses optical sen- 
sors suitabi for mounting in the slider housing th 

55 read/write head, the optical sensor being used to 
detect such r fl cted optical servo tracks or indica 
positioned on the magnetic media, as cent mplat- 
ed, inter alia, by said Johnson and Cock , et al. 
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patents. 

IBM T chnical Disclosur Bulletin. Vol. 16, No. 
9, February 1974, p. 3020, on which the pr amble 
of claim 1 Is bas d discloses an "Optical Servo 
Technique Using Moire Fringes", wherein a grating 
of opaque or non-reflecting concentric circles with 
qual reflecting spaces is formed on the magnetic 
storage hard disk, and a grating of parallel opaque 
or non-reflecting lines of the same dimensions is 
provided on a transparent member positioned on 
the slider carrying the read/write head. Light from a 
light-emitting diode [LED], also positioned on the 
slider (or arm) carrying the read/write head, is 
reflected off the disk grating to form a moire pat- 
tern with the slider grating if the slider is skewed 
by a few degrees with respect to the disk. A 
sinusoidal optical density variation produced by 
changes in the moire pattern can be detected by 
photodlodes, and phase changes in the sinusoidal 
output can be interpolated by suitable electronic 
circuitry to provide directional information to posi- 
tion the head over the desired track. 

Other approaches to solving the problem in- 
clude providing magnetically recorded, spaced ser- 
vo track information, e.g., the so-called "embedded 
servo". The servo signals typically divide the disk 
into sectors, with the result that recording is not on 
a continuous track and servo information is not 
continuous. In addition, the magnetic area available 
for recording information is reduced by the area 
dedicated to the magnetic servo Information. Yet 
another approach is disclosed in PCT Published 
Application WO 85/02933 published July 4, 1985. 
wherein it is proposed to provide servo information 
by the use of optical recording tracks positioned 
between magnetic tracks to provide optical guide- 
lines readable by reflected light. 

Most. If not alt; of the prior systems noted 
above suffer from the disadvantage of reducing the 
magnetic surface area available for magnetic re- 
cording. In addition, the information signal used for 
servo purposes is usually discontinuous, resulting 
In intermittent servo changes. 

Summary of the Invention 

The present invention uses magnetic recording 
media adapted to provide continuous servo infor- 
mation using a light-transmlssive optical grating in 
combination with a continuous magnetic layer, with- 
out reduction in the area of the magnetic coating 
being available for magnetic recording due to the 
presence of the optical grating. A method and a 
system using this n w media ar provid d. 

The novel magnetic recording media used in 
this inv ntion ar light-transmissive and includ 
floppy disks, rigid disks, and tapes. 



In accordance with this inv ntion as defin d in 
appended claim 1, the magnetic recording media 
are used in a system for magnetically reading 
and/or writing data in a selected on of a plurality 

5 of tracks on a magnetic recording medium, said 
system comprising, in combination: 

a magnetic recording medium (10, see fig. 1) 
including an optical grating (14); 
a read/write head (104); 

10 means for positioning said magnetic recording 
medium (10) In read/write relationship with said 
read/write head (104) and for moving said magnetic 
recording medium (10) in relation to said read/write 
head (104) to generate read/write signals; 

75 photodetector means (108) adapted to provide 
an electrical signal as a function of light incident 
thereon, said photodetector means (106) including 
a reference light-transmitting optical grating (114) 
adapted, in combination with said optical grating 

20 (14) in said magnetic recording medium (10), to 
provide a pattern detectable by said photodetector 
means (106), said photodetector means (106) being 
adapted to provide electrical signals indicative of 
the light incident thereon; 

25 a tight source, said light source positioned to 

project light (108) incident on said magnetic re- 
cording medium (10) and then detected by said 
photodetector means (106); 

means for comparing changes in said electrical 

30 signals as a function of changes in said pattern in 
response to relative movement of said optical grat- 
ings (14, 114); and 

servo means to change the position of said 
read/write head (104) in response to said changes 

35 in said pattern to maintain said read/write head 
(104) in alignment with a selected magnetic track, 
characterized in that 

said magnetic recording medium (10) is a light- 
transmitting magnetic recording medium (10) com- 

40 prising a transparent support (12). a continuous 
light-transmitting layer of magnetic recording ma- 
terial (16, 16a) carried on one or both sides of said 
transparent support (12), said transparent support 
(1 2) also carrying a light-transmitting optical grating 

45 (14) at least substantially coextensive with the area 
upon which magnetic tracks are recorded, the con- 
struction of the light-transmitting magnetic record- 
ing medium (10) being such that the continuous 
light-transmitting layer(s) of magnetic recording 

50 material (16, 16a) is (are) in direct contact with the 
corresponding read/write head(s) (104. 204. 302a, 
b), and 

said light source and said photodetector means 
(106) ar positioned at opposite sides of said mag- 
55 netic recording medium (10), wherein the light in- 
cident on said photodetector means (106) com- 
prises the undlffract d beams of the light (108) 
incident on said magnetic recording medium (10). 
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The use of a light-transmitting optical grating 
makes possible a double-sided magnetic disk us- 
ing only one such grating (in the disk) and a single 
light source. By contrast, th prior art Hart reflec- 
tion moire system is limited to a single-sided disk 
unless a second optical grating and a second light 
source are used. 

Further, the use of the moire servo system of 
this invention avoids the expensive and time-con- 
suming factory recording of magnetic servo in- 
formation on each disk. 

Detailed Description of the Invention 

The generation of moire patterns formed by 
two optical gratings of the same or slightly different 
pitch is a well known phenomenon. Slight changes 
in the relative positions of the two gratings are 
optically amplified or magnified by the resulting 
relatively larger scale changes in the moire pattern. 
This invention utilizes this phenomenon to provide 
novel magnetic recording media incorporating light- 
transmissive optical gratings adapted to generate 
moire fringes. Means also are provided for detect- 
ing changes in the moire patterns formed by light 
transmitted through the optical grating in the mag- 
netic recording medium and through a second or 
reference optical grating mounted within the ap- 
paratus, and to use signals generated by photocells 
indicative of said moire changes to control servo 
means to adjust the relative position of a read/write 
head or magnetic transducer with respect to the 
media in response to the detected changes in the 
moire pattern. 

The optical grating incorporated in the mag- 
netic recording media used in this invention may 
be any light-transmissive optical grating adapted to 
provide a moire pattern in combination with a sec- 
ond optical grating of the same or of a different 
type. In some preferred embodiments, the optical 
gratings differ in pitch, i.e.. in the number of lines 
per inch. One example of a suitable optical grating 
is a lenticulated layer comprising lines of lenticules 
(lenticular lenses) providing the desired number of 
lines. In the preferred embodiments, the optical 
gratings comprise opaque lines spaced apart by 
transparent lines preferably of equal width; such 
optical gratings are sometimes referred to as a 
"Ronchi" grating. A Ronchi optical grating may be 
used as the reference optical grating in combina- 
tion with either type optical grating in the magnetic 
recording media. 

The invention will be further described in con- 
junction with the drawings wher in: 

FIGURE 1 is a cross-sectional, exaggerated dia- 
gram of a single-sided, light-transmitting mag- 
netic r cording medium incorporating a len- 
ticular optical grating; 



FIG. 2 is a cross-sectional, xagg rated diagram 
of a double-sided, light-transmitting magn tic re- 
cording medium incorporating a lenticular optical 
grating; 

5 FIG. 3 is a cross-sectional, exaggerated diagram 
of a single-sided, light-transmitting magnetic re- 
cording medium incorporating an optical grating 
comprising opaque lines; 
FIG. 4 is a cross-sectional, exaggerated diagram 

10 of a double-sided, light-transmitting magnetic re- 
cording medium incorporating an optical grating 
comprising opaque lines; 
FIG. 5 is a representation of a sinusoidal light 
intensity curve of a moire pattern produced in 

75 accordance with a preferred embodiment of this 
invention, the curve being superposed on a frag- 
mentary cross-sectional view of a pinhole and 
light-detector assembly used to generate the 
curve as a function of variations in the intensity 

20 of the light transmitted through the pair of op- 
tical gratings; 

FIG. 6 reproduces a moire pattern illustrative or 
pattern changes due to non-alignment and thus 
useful In the practice of this invention; 
25 FIG. 7 is a cross-sectional fragmentary view of 
one embodiment of the apparatus of this inven- 
tion, shown in association with a magnetic re- 
cording medium incorporating a lenticular optical 
grating; 

30 FIG. 8 is a cross-sectional fragmentary view of 
another embodiment of the apparatus of this 
invention, shown in association with a magnetic 
recording medium incorporating a Ronchi optical 
grating; and 

35 FIG. 9 is a cross-sectional fragmentary view of 
yet another embodiment of the apparatus of this 
invention, shown in association with a magnetic 
recording medium incorporating a Ronchi optical 
grating. 

40 As noted above, the magnetic recording media 
used in this invention are light-transmitting. Accord- 
ingly, the media utilize a transparent support, either 
rigid or flexible, and the coatings (layers) carried 
thereon are light-transmissive of a predetermined 

45 wavelength or wavelength range capable of being 
selectively detected by a photodetector. The light 
transmitted by the magnetic recording medium 
may be visible light or invisible light, and in the 
prefenred embodiments is infrared light. A variety 

50 of light sources may be used, including incandes- 
cent lamps, light-emitting diodes (LED) and laser 
diodes. Light transmitted through the magnetic re- 
cording medium and the reference optical grating 
varies in Int nsity as a function of th phase align- 

55 ment of the optical gratings. The transmitted light is 
detected by suitabi photoc lis or photodetectors 
which convert the light intensity into lectrical sig- 
nals representativ th r of. Th photodetectors are 
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positioned so that th y detect th maximum and 
minimum light int nsities when the optical gratings 
are properly align d, so that th I ctrical signals 
from one is out of phase with the other by, e.g.. 
180* or 90*. These phase displaced signals are 
compared, and changes in the differences therein 
are used to control suitable servo means to align 
the magnetic transducer with the intended mag- 
netic track and to keep the transducer so aligned. 

The read/write head and the photodetectors 
should be adjacent each other to minimize changes 
in the magnetic and optical axes due to thermal 
changes during use. This anrangement also permits 
the head access window in the disk cassette or 
cartridge to be small. 

It wlil be understood that by "opaque" it is 
meant that the opaque lines forming the Ronchi 
optical grating should exhibit low transmission of 
the wavelength range of the visible or invisible light 
intended to be transmitted through the magnetic 
recording medium, including the optical grating, to 
form the desired moire pattern. The more opaque 
the lines are to the wavelength range of the utilized 
light, the higher the signal to noise ratio will be in 
the moire pattern. In general, a delta of about 1 .5 to 
2.0 in maximum and minimum transmission den- 
sities or the optical grating Is suitable. Complete 
opaqueness is not required If the signal to noise 
ratio of the transmitted light, i.e., the ratio of the 
light transmitted through the non-opaque areas 
compared with the light transmitted, it any, through 
the opaque areas, is sufficient for the detector 
system to provide the desired signals. Higher sig- 
nal-to-noise ratios permit the use of lower wattage 
light sources. It is usually advantageous to select a 
nan-ow bandwidth of light as the transmitted light, 
with the detector designed to selectively accept a 
somewhat wider bandwidth, thereby assuring that 
minor variations in the light source will be ac- 
comodated. In the preferred embodiments using a 
Ronchi optical grating, the preferred light source is 
a LED or laser diode emitting infrared light of about 
850 nm. 

It will be understood that in describing the 
magnetic recording media as having a "transpar- 
ent" support, and the layers carried by said sup- 
port as being "light-transmitting" or "light transmis- 
sive". said terms are used with respect to the 
predetermined wavelength(s) of light to which the 
selected photodetectors respond. Thus, the mag- 
netic recording layer may comprise any of the 
conventional magnetic recording particles, such as 
gamma ferric oxide or barium ferrit . and accord- 
ingly will appear to be "color d" ven though it is 
in fact substantially transparent to selected 
wav I ngths. 

For conv nience in the following more detailed 
description of the invention, it will b assum d that 



th magn tic recording medium is a floppy disk, 
and the optical gratings have a circular pattern. (As 
noted above, the invention also is applicable to 
rigid disks and to tap s.) 

5 Referring to FIG. 1, a single-sided magnetic 

disk 10 comprises a transparent support 12 carry- 
ing on one surface a layer 16 of magnetic record- 
ing particles and on the other surface an optical 
grating 14 comprising lines or lenticules 14a. As 

10 shown in FIG. 2, the single-sided disk 10 may be 
converted to a double-sided disk 10a by over- 
coating the lenticular layer 12 with a transparent 
polymer having a different refractive index to pro- 
vide a smooth surface on which a second layer 16a 

75 of magnetic recording particles is coated. 

The formation of lenticular layers per se. e.g.. 
by molding or embossing techniques, is not a part 
of this invention; since such techniques are well 
known in the art, a detailed description of the 

20 preparation of lenticular optical gratings is not nec- 
essary. One particularly useful technique, however, 
is to electron beam cross-link a polymer coating 
while it is held against a suitable "negative" mold 
of the desired lenticular pattem. It will be under- 

25 stood, of course, that the focal length of the len- 
ticular lenses is selected in accordance with the 
geometric distances between the lenticular layers 
in the particular recording system, and accordingly 
the focal length determination is a matter of routine 

30 calculation and experimentation. 

In the preferred embodiments of this invention, 
as noted above and as shown in FIGS. 3 and 4, the 
optical grating is a Ronchi comprises opaque lines 
spaced apart by clear lines of the same width. 

35 Thus, the single-sided magnetic disk shown in FIG. 
3 comprises a transparent support 12 carrying on 
one surface a layer 16 of magnetic recording par- 
ticles, while the other surface carried an optical 
grating 22 comprising opaque lines 22a spaced by 

40 clear lines 22b of equal widtii. By coating a second 
layer 16a of magnetic particles over the optical 
grating 22, the single-sided magnetic disk 20 of 
FIG. 3 may be converted into the double-sided 
magnetic disk 20a shown in FIG. 4. 

45 The opaque lines 22a may be formed by any 
method suitable for the desired number of lines per 
inch. As examples of suitable methods, mention 
may be made of photolithographic techniques and 
photographic imaging techniques using photother- 

50 mal materials, silver halide, silver transfer, 
photoresist, etc. as well as such techniques as 
etching and vacuum deposition. The selection of a 
particular method of forming the desired opaque 
lines will b influenced by such factors as process 

55 economics, the number of lines per inch, and the 
desired "opacity" or transmission d nsiti s of the 
opaque and clear lines of the desired optical grat- 
ing for a given emt>odiment. Such t chniqu s for 
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forming Ronchi gratings ar per s well known and 
need not be described in detail her . It will be 
understood that the Ronchi grating should exhibit a 
smooth surface upon which a magnetic layer may 
be coated; if the surface is not smooth or is in fact 
Irregular, e.g.. as in a photoresist, a suitable poly- 
mer may be coated over it to fill in the spaces and 
provide the desired smooth surface. 

The optical grating associated with the 
read/write head preferably differs from the optical 
grating incorporated in the magnetic disk by ± n 
lines. In the preferred embodiments, n = 8 (e.g., 
the optical grating in the disk has 548 lines, while 
the reference optical grating has 540 lines) and the 
resulting moire sinusoidal pattern has 8 peaks 
(opaque/clear line pairs) per inch giving 180* sens- 
ing of the phase changes using a pinhole and 
detector axial spacing of 0.0625 Inch between the 
detectors. The high efficiency of the optical am- 
plification of relative movement is illustrated by the 
fact that where n = 8 a relative lateral movement 
between the two optical gratings of 0.0018 inch will 
effect a movement in the moire pattern of 0.125 
inch. The sine wave sinusoidal pattern obtained 
wherein n = 8 is illustrated in FIG. 5 superposed 
on a pinhole and light detector assembly, wherein 
collimated light beams 30 and 32 are positioned in 
alignment with two-element photodetector 
(photodiode) 36. If one calibrates detectors 36a and 
36b for light intensities corresponding to the half- 
amplitude or midpoints "A" and "B" between the 
peaks and troughs of the sinusoidal curve (cor- 
responding to the maximum and minimum light 
transmissions, one can "zero out" the two light 
intensities, and calibrate the system so as to use 
the magnitude of the departure from "zero" to 
indicate how the magnetic transducer should be 
moved to keep it aligned with the track. If n = 4, 
the moire pattern will exhibit 4 peaks (opaque/clear 
line pairs) per inch, and sensing will t>e phase 
shifted by 90 * . It will be understood that one also 
may servo from different phase shitts in the light 
intensities, e.g.. corresponding to the peaks and 
troughs of the light pattern produced by the 
photodetectors. 

FIG. 6 reproduces a moire pattern obtained by 
superposing an optical grating of 548 lines (circles) 
per inch over a similar grating of 540 lines, with the 
centers of the optical gratings off center with re- 
spect to each other. This moire pattern will vary as 
a function of the amount of non-alignment of the 
geometric centers of the circular optical gratings. 
While the use of straight lines instead of circles in 
the optical gratings (e.g., for use in magnetic tap ) 
will produce different moire patterns, such moire 
patterns may be similarly used to provide servo 
information and control. 



In FIG. 7 there is illustrat d a disk carriage 
assembly 100 including a read/write magnetic tran- 
sducer or head 104 and a detector 106. A floppy 
disk 10 (see FIG. 1) is position d in operative 

5 relationship with the read/write head 104. with the 
layers thereof shown in exaggerated scale to facili- 
tate illustration of the operation of the lenticular 
optical grating 14. Associated with the detector 106 
is a reference lenticular optical grating 110 com- 

10 prising a transparent support 116 and a lenticular 
layer 114. The reference optical grating 110 is 
shown in exaggerated scale similar to the floppy 
disk 10. For illustrative purposes, the lenticular 
optical grating 14 may be assumed to comprise 

75 544 lenses per inch, and the reference lenticular 
optical grating 114 has 540 lenses per inch (i.e., 
"n" = 4). A light source (not shown) provides 
collimated light 108 which is transmitted by the 
magnetic coating 16 and the transparent support 

20 10 and focussed by lenses 14a onto lenses 114a of 
the reference grating 114. Lenses 114a in turn 
focus the transmitted light onto the detector as a 
low intensity or high intensity light area as a func- 
tion of the alignment or non-alignment of lenses 

25 14a and 114a. Conventional means converts the 
output from the detector 106 into a sine wave 120, 
with the trough 120a corresponding to said low 
light intensity area and the peak 120b correspond- 
ing to said high light intensity area. The sensing 

30 illustrated in FIG. 7 where n = 4 may be referred 
to as 90 * sensing. 

FIG. 8 illustrates another embodiment of the 
invention wherein different types of optical gratings 
are used in the floppy disk and in the detector. As 

35 shown, a disk carriage assembly 200 comprises an 
arm or slider 202a carrying a read/write head 204 
and a two element photodetector 206 including a 
Ronchi optical grating 222. The other arm 202b 
carries a pressure pad 210 to ensure proper con- 

40 tact of the read/write head 204 with the floppy disk 
10. The arm 202b also carries a light source 220, 
light from which passes through a lens 222 and 
pinholes or slits 224. and then through the floppy 
disk 10 (including the optical grating 14) onto the 

45 lined Ronchi optical grating 222 associated with the 
photodetector 206. As described above, alignment 
changes between the optical gratings responsive to 
movement of the head 204 (slider 202a) produce 
changes in the moire pattern and are converted by 

50 conventional means into signals used to control 
servo means (not shown) to appropriately move the 
read/write head to keep it in alignment with the 
desired magnetic track. 

FIG. 9 illustrates another mbodim nt of th 

55 apparatus of this invention adapted for use with 
doubl -sid d floppy disks. A disk carriage assem- 
bly 300 shown associat d with a floppy disk 20a 
(see FIG. 4) comprises an arm or slider 300a 
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carrying a r ad/write head 302a for th side 0 
magnetic coating 16. The arm 300a also carries a 
dual element photodetector 306 associated with a 
reference lined optical grating 322 having 540 lines 
per inch. The other arm or slider 300b canies a 
read/write head 302b for the side 1 magnetic coat- 
ing 16a. An IR laser diode 330 provides a source of 
collimated infrared light which is reflected by a 
reflector 332 through a pair of slits or pinholes 334 
in the arm 300b. The thus-provided infrared light 
passes through the floppy disk 20a, including a 
Ronchi optical grating 22 having 548 lines per inch 
(i.e., "n" = 8). The photodetector 306 includes a 
filter 306b adapted to pass substantially only in- 
frared light of a predetermined wavelength or 
wavelength range to the sensors 306a. As pre- 
viously described, electrical signals generated by 
the photodetector 306 are used to servo the 
read/write head 302a or 302b. as appropriate, with 
respect to the floppy disk 20a. 

It will be understood that the number of lines in 
the optical gratings may be fewer than the number 
of magnetic tracks per inch. This relationship is 
possible because the photodetector (e.g.. 106, 206, 
306) is collecting and averaging information from a 
plurality of "optical tracks", e.g., 10, at the same 
time the read/write head is aligned with a single 
magnetic track. This averaging also minimizes the 
significance or any minor defects in the optical 
grating, e.g., a local variation in the thickness or 
opacity of an opaque line. 

Suitable magnetic recording particles include 
ferric oxides, (e.g., gamma ferric oxide and cobalt- 
doped ferric oxide), metal particles, and hexagonal 
ferrites (e.g., hexagonal barium ferrite). The use of 
barium ferrite is preferred since its use maximizes 
the recording density. Suitable magnetic recording 
layers may have a thickness of about 0.5 to 2 
microns, and may be even thicker where barium 
ferrite is used. It is common practice to include a 
conductive material such as carbon black in mag- 
netic coatings to modify the electrical properties of 
the floppy disk. If the presence of carbon black 
reduces to too low a level the transmissivity of the 
floppy disk to light of the desired wavelength, the 
carbon black may be used in lower concentrations 
or replaced by a colorless conductive material. 

.g., cuprous iodide in a separate layer adjacent 
the transparent support. Altematively, a wavelength 
transmitted by carbon black may be used with an 
appropriate photodetector. 

Where it is desired to have a "rigid" disk, the 
transparent support may be composed of a ma- 
t rial such as polycarbonate of appropriate thick- 
ness. 

The photodetectors are conventional in nature. 
Similarly, conv ntional s rvo means (not shown but 
well known in the art) may b used, and, .g., may 



includ a stepper motor or a linear actuator, the 
latter being pr ferred. 

The use of Ronchi gratings is preferred to th 
us of I nticular optical gratings, as the Ronchi 

5 gratings exhibit a greater tolerance of changes in 
the physical spacing between gratings during use. 
As will be apparent from FIG. 7. changes in the 
physical spacing between the two lenticular grat- 
ings and consequent changes in the focussing of 

10 the transmitted light should be kept to a minimum 
to avoid unintended signal variations. 

In a particularly useful embodiment, the Ronchi 
optical gratings are formed by silver diffusion trans- 
fer techniques. A suitable film structure for this 

75 purpose comprises a transparent polyester base 
(having a thickness suitable for use as the support 
for a floppy disk) carrying, in sequence, a silver 
transfer image-receiving layer composed of silver 
precipitating nuclei, a protective layer, a release 

20 layer and a silver halide emulsion layer. After expo- 
sure to a master negative image of the desired 
Ronchi pattern, a viscous processing fluid is dis- 
tributed between the exposed silver halide emul- 
sion and a cover sheet. After a suitable processing 

25 period in which unexposed silver halide is dis- 
solved and transferred to the image-receiving layer 
to form a positive silver transfer image constituting 
the desired Ronchi pattern, the cover sheet is 
stripped off together with the layer of processing 

30 fluid and the layers (silver halide emulsion, etc.) 
above the release coat. The protective layer may 
serve as a layer upon which a magnetic coating 
may be applied, provided the release coat has 
been removed or its presence does not adversely 

35 affect adhesion to the magnetic or other coating(s). 
Silver diffusion transfer films of this type are known 
in the art and no further description is necessary. 

The reference Ronchi gratings may be formed 
by photographic exposure and development of a 

40 high contrast conventional silver halide film, such 
as Kodalith film available from Eastman Kodak Co. 
Such Ronchi gratings may be used as a compo- 
nent of the magnetic media provided the magnetic 
coating may be satisfactorily adhered to the silver- 

45 containing gelatin layer or to a layer coated over it. 

Where appropriate, a protective coating may 
be applied to prevent excessive wear of the optical 
grating, e.g.. lenticular grating 14 of FIG. 1 or 
Ronchi grating 22 of FIG. 3. 

50 A collimated light source should be used where 
the optical grating is lenticular. A point source of 
light is preferred where the optical gratings are 
Ronchi gratings. 

The optical grating in the magnetic disk may 

55 be used to form a moire pattern suitable to center 
th magnetic disk hub r lativ to the optical grating 
on the disk. Th photographic master image us d 
to form tiie Ronchi lined optical grating also may 
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includ centering markings to facilitate accurate 
location of the cent r hole. 

In a particularly useful mbodiment. the optical 
grating does not extend to the edge of th disk or 
tape. Although the magnetic layer covers the whole 
surface, only a portion is used for magnetic record- 
ing. The optical grating preferably extends beyond 
the magnetic recording area, and a test or refer- 
ence line may be printed in "clear" area between 
the disk edge and the optical grating. By compar- 
ing the point at which the detector first sees the 
moire (from the optical grating or from the refer- 
ence line in the clear area) and the axial position 
when the read/write head first sees a magnetic 
track, one may calculate any offset needed to 
calibrate the system for correct functioning with 
different disk drives. 

As noted above, this invention facilitates fab- 
rication of very high density magnetic recording 
media. As an example, by using barium ferrite at a 
linear density of 40 kfci and 540 tpi, and rotating 
the disk at 1200 rpm. a 3 1/2 inch floppy disk with 
a recording capacity of 10 megabytes per side 
may be obtained. Individual magnetic track width in 
this instance is approximately 0.0018 inch, with a 
guard band of the same width (the magnetic track 
may, however, be wider than the guard band). 

It will be seen from the above description that 
this invention provides magnetic recording media 
adapted to record substantially more magnetic in- 
formation in a given magnetic area (i.e., more tpi) 
while making available substantially continuous ser- 
vo information by providing an optical grating at 
least substantially coextensive with the area upon 
which magnetic information is to be recorded. 

The magnetic coating may be applied before 
or after the optical grating is provided on the trans- 
parent support, provided that components used in 
the second coating, e.g., organic solvents, do not 
adversely affect the first coating. 

Claims 

1. A system for magnetically reading and/or writ- 
ing data in a selected one of a plurality of 
tracks on a magnetic recording medium, said 
system comprising, in combination: 

a magnetic recording medium (10. see fig. 
1) including an optical grating (14); 

a read/write head (104); 

means for positioning said magnetic re- 
cording medium (10) in read/write relationship 
with said read/write head (104) and for moving 
said magnetic r cording medium (10) in rela- 
tion to said r ad/write head (104) to generate 
r ad/writ signals; 

photodetector means (106) adapted to pro- 
vid an lectrical signal as a function of light 



incid nt th r on, said photod tector m ans 
(106) including a r ference light-transmitting 
optical grating (114) adapted, in combination 
with said optical grating (14) in said magnetic 

5 recording medium (10), to provide a pattern 

detectable by said photodetector means (106). 
said photodetector means (106) being adapted 
to provide electrical signals indicative of the 
light incident thereon; 

10 a light source, said light source positioned 

to project light (108) incident on said magnetic 
recording medium (10) and then detected by 
said photodetector means (1 06); 

means for comparing changes in said 

75 electrical signals as a function of changes in 
said pattern in response to relative movement 
of said optical gratings (14. 114); and 

servo means to change the position of said 
read/write head (104) in response to said 

20 changes in said pattern to maintain said 

read/write head (104) in alignment with a se- 
lected magnetic track, characterized in that 

said magnetic recording medium (10) is a 
light-transmitting magnetic recording medium 

25 (10) comprising a transparent support (12). a 

continuous light-transmitting layer of magnetic 
recording material (16. 16a) carried on one or 
both sides of said transparent support (12), 
said transparent support (12) also carrying a 

30 light-transmitting optical grating (14) at least 

substantially coextensive with the area upon 
which magnetic tracks are recorded the con- 
struction of the light-transmitting magnetic re- 
cording medium (10) being such that the con- 
as tinuous light-transmitting layer(s) of magnetic 
recording material (16, 16a) is (are) in direct 
contact with the corresponding read/write 
head(s) (104. 204. 302a, b), and 

said light source and said photodetector 

40 means (106) are positioned at opposite sides 

of said magnetic recording medium (10). 
wherein the light incident on said photodetec- 
tor means (106) comprises the undiffracted 
beams of the light (108) Incident on said mag- 

45 netic recording medium (10). 

2. A system as defined in claim 1. wherein said 
light source provides infrared light of a pre- 
determined wavelength. 

50 

3. A system as defined in claim 2, wherein said 
infrared light has a wavelength of about 850 
nm. 

55 4. A system as defined in claim 2. wherein said 
photodetector means ar adapted to provide 
90* phase shift s nsing of said pattern. 
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5. A syst m as defin d in claim 2 wh r in said 
photodetector means are adapted to provide 
180* phas shift sensing of said patt rn. 

6. A system as defined in claim 2. wherein said 5 
light-transmitting optical grating, in said mag- 
netic recording medium and/or said reference 
optical grating is a Ronchi optical grading. 

7. A system as defined in claim 2 wherein said io 
photodetector means and said read/write head 

are carried on a slider in close proximity to 
each other. 

8. The method of positioning a read/write head 15 
adjacent a magnetic recording medium for 
reading or writing data on a selected one of a 
plurality of tracks on said magnetic recording 
medium, said method comprising the steps of: 

positioning a light-transmitting magnetic 20 
recording medium in read/write relationship 
with a read/write head, said light-transmitting 
magnetic recording medium comprising a 
transparent support, a continuous light-trans- 
mitting layer of magnetic recording material 25 
carried on one or both sides of said transpar- 
ent support, said transparent support also car- 
rying a light-transmitting optical grating at least 
substantially coextensive with the area upon 
which magnetic tracks are recorded the con- 30 
struction of the light-transmitting magnetic re- 
cording medium (10) being such that the con- 
tinuous light-transmitting layers(s) of magnetic 
recording material (16, 16a) is (are) in direct 
contact with the corresponding read/write 35 
head(s) (104, 204. 302a, b): 

moving said magnetic recording medium 
in relation to said read/write head to generate 
read/write signals; 

projecting light through said magnetic re- 40 
cording medium; 

detecting the light transmitted through said 
magnetic recording means by photodetector 
means adapted to provide an electrical signal 
as a function of light incident thereon, said 45 
photodetector means including a reference 
light-transmitting optical grating adapted, in 
combination with said optical grating in said 
magnetic recording medium, to provide a pat- 
tern detectable by said photodetector means. so 
said photodetector means being adapted to 
provide electrical signals indicative of the light 
incident ther on. wh rein th light incident on 
said photod t ctor means comprises the undif- 
fracted beams of the light incident on said 55 
magnetic recording medium; 

and changing the position of said 
read/writ h ad in respons to said I ctrical 



signals to maintain said r ad/writ head in 
alignment with a s lected magnetic track. 

PatentansprUche 

1. System zur magnetischen Ablesung und/oder 
Aufzeichnung von Daten in einer von mehreren 
Spuren auf einem magnetischen Aufzeich- 
nungsmedium, enthaltend in Kombination: 
ein magnetisches Aufzeichnungsmedium (10)- 
(vergl. Fig. 1), enthaltend ein optisches Gitter 
(14); 

einen Lese-/Aufzeichnungs-Kopf (104); 
Mittel zur Anordnung des magnetischen Auf- 
zeichnungsmediums (10) in einer Lese-/Auf- 
zeichnungs-Beziehung zum Lese-/Aufzeich- 
nungs-Kopf (104) zur Erzeugung von Lese- 
/Aufzeichnungs-Signalen; 
einen Photodetektor (106) zur Erzeugung eines 
elektrischen Signals als Funktion des auf ihn 
auftreffenden Lichts, wobei der Photodetektor 
(106) ein lichtdurchlSssiges optisches Refe- 
renzgitter (114) enthSIt, das in Kombination mit 
dem optischen Gitter (14) im magnetischen 
Aufzeichnungsmedium (10) in der Lage ist. ein 
Muster zu erzeugen, das durch den Photode- 
tektor (106) nachweisbar ist, wobei der Photo- 
detektor (106) in der Lage ist, elektrische Si- 
gnale zu erzeugen. die das auftreffende Licht 
anzeigen; 

eine Lichtquelle, die so angeordnet ist, um das 
auf das magnetische Aufzeichnungsmedium 
(10) auftreffende und dann durch den Photode- 
tektor (106) nachgewiesene Licht (108) zu pro- 
jizieren; 

Mittel zum Vergleichen der Anderungen der 
elektrischen Signale als Funktion von Anderun- 
gen im Muster als Antwort auf die Relativbewe- 
gung der optischen Gitter (14. 114); und 
Servoeinrichtungen zur Anderung der Lage 
des Lese-/Aufzeichnungs-Kopfes (104) als Ant- 
wort auf Veranderungen in dem Muster, um 
den Lese-/Aufzeichnungskopf (104) zu einer 
ausgewahlten Magnetspur ausgerichtet zu hal- 
ten. dadurch gekennzelchnet daB, 
das magnetische Aufzeichnungsmedium (10) 
ein lichtdurchlassiges magnetisches Aufzeich- 
nungsmedium darstellt. das eine durchsichtige 
Unterlage (12) und eine zusammenhMngende 
lichtdurchtSssige Schicht aus magnetischem 
Aufzeichnungsmateriat (16, 16a) auf einer oder 
beiden Seiten der durchsichtigen Unterlage 
(12) enthalt, wobei die durchsichtige Unterlage 
(12) weiterhin ein lichtdurchlSssiges optisches 
Gitter (14) enthSlt. das zumindest im wesentli- 
chen koextensiv mit der Rach ist, auf der die 
Magnetspur n aufgez ichnet sind; 
wobei das lichtdurchlSssig magnetische Auf- 
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zeichnungsmedium (10) so ausg bildet ist. daS 
die zusammenhang nde(n) lichtdurchlassige- 
(n) Schicht(en) des magn tischen Aufzeich- 
nungsmateriats (16a) in unmittelbarem Kontakt 
mit dem (den) Lese-ZAufzeichnungs-Kopf- s 
(Kopfen) (104. 204. 302a.b) steht (stehen). und 
die Lichtquelle und der Photodetektor (1 06) auf 
gegenUberliegenden Seiten des magnetischen 
Aufzeichnungsmediums (10) angeordnet sind. 
wobei das auf den Photodetektor (106) auflref- io 
fende LIcht die ungel)eugten Strahlen (108) 
des auf das magnetische Aufzeichnungsmedi- 
um (10) fallenden Lichts enthMit. 

2. System nach Anspruch 1. worin die Lichtquelle 75 
Infrarotlicht mit einer vorbestimmten Wellen- 
I3nge liefert. 

3. System nach Anspruch 2, worin das Infrarot- 
licht eine Wellenlange von etwa 850 nm hat. 20 

4. System nach Anspruch 2. worin der Photode- 
tektor in der Lage ist, das Muster mit einer 
Phasenverschiebung von 90 • wahrzunehmen. 

25 

5. System nach Anspruch 2. worin der Photode- 
tektor in der Lage ist, das Muster mit einer 
Phasenverschiebung von 180* wahrzunehmen. 

6- System nach Anspruch 2, worin das lichtdurch- 30 
lassige optische Gitter im magnetischen Auf- 
zeichnungsmedium und/oder das optische Re- 
ferenzgitter ein optisches Ronchi-Gitter ist. 

7. System nach Anspruch 2, worin der Photode- 35 
tektor und der Lese-/Aufzelchnungs-Kopf auf 
einem Schlitten in unmittelbarer NShe zueinan- 

der angeordnet sind. 

8. Verfahren zur Anordnung eines Lese-Aufzeich- 40 
nungs-Kopfes in der NShe eines magnetischen 
Aufzeichnungsmediums zum Ablesen oder 
Aufzeichnen von Daten auf einer von mehreren 
Spuren auf dem magnetischen Aufzeichnungs- 
medium, wobei das Verfahren folgende Schrit- 
te umfaBt: 

Anordnung eines lichtdurchlassigen magneti- 
schen Aufzeichnungsmediums in einer 
Lese/Aufzeichnungs-Bezlehung zu einem Lese- 
ZAufzeichnungs-Kopf, wobei das llchtdurchlSs- 
slge magnetische Aufzeichnungsmedlum eine 
durchsichtige Unteriage und eine zusammen- 
hangende lichtdurchlassige Schicht aus ma- 
gnetischem Aufzeichnungsmaterial auf iner 
Oder beiden Seiten der durchsichtigen Unteria- 
ge nthalt. wobei die durchsichtig Unt rlage 
auch eIn lichtdurchlassig s optisches Gitt r 
trSgt, das zumindest im wesentlich n ko xten- 



siv mit d r FISche ist. auf der die Magnetspu- 
ren aufgezeichn t sind, wobei das lichtdurch- 
lassige magnetische Aufz ichnungsmedlum 
(10) so ausg bitdet ist. daB di 
zusammenhangende(n) lichtdurchlassige(n) 
Schicht(en) des magnetischen Aufzeichnungs- 
materials (16a) In unmittelbarem Kontakt mit 
dem (den) Lese-/Aufzeichnungs-Kopf(Kopfen) 
(104, 204, 302a,b) steht (stehen); 
Bewegen des magnetischen Aufzeichnungs- 
mediums relativ zum Lese-ZAufzeichnungs- 
Kopf zur Erzeugung von Lese-ZAufzeichnungs- 
Signalen; 

Projizieren von LIcht durch das magnetische 
Aufzeichnungsmedlum; 

Nachweis des durch das magnetische Auf- 
zeichnungsmedlum durchgegangenen Lichts 
mit Hilfe eines Photodetektors, der in der Lage 
Ist, ein elektrisches Signal als Funktion des 
auftreffenden Lichts zu erzeugen. wobei der 
Photodetektor ein lichtdurchlasslges optisches 
Referenzgitter enthMIt, das In der Lage ist. In 
Kombinatlon mit dem optlschen Gitter im ma- 
gnetischen Aufzeichnungsmedlum ein Muster 
zu erzeugen, das durch den Photodetektor 
nachweisbar ist, wobei der Photodetektor in 
der Lage ist, elektrische Signale zu erzeugen, 
die das auftreffende LIcht anzeigen, wobei das 
auf den Photodetektor auftreffende LIcht die 
ungebeugten Strahlen des auf das magneti- 
sche Aufzeichnungsmedlum auffallenden Lich- 
tes enthait; 

und Anderung der Lage des Lese-/Aufzeich- 
nungs-Kopfes als Anwort auf die elektrischen 
Signale, um den Lese-ZAufzeichnungs-Kopf zu 
einer ausgewahlten Magnetspur ausgerichtet 
zu halten. 

Revendications 



1. Systfeme pour §crlre et/ou lire magn^tiquement 
des donnees dans Tune s6lectlonn6e d'une 
plurality de pistes se trouvant sur un support 
d'enregistrement magn^tique, ledit syst§me 
45 comprenant Tassoclation de: 

- un support d'enreglstrement magn^tlque 
(10, figure 1) incluant un r^seau (14) de 
diffraction optique, 

- une t§te (104) d'^critureZlecture, 
50 - un moyen pour positionner ledit support 

d'enregistrement magn^tique (10) en re- 
lation d*4critureZlecture avec ladlte tete 
(104) d'^criture Z lecture et pour d^placer 
I dit support d'enregistrement magn^ti- 
55 que (10) par rapport I ladite tete (104) 

d'^critureZI cture afin de produire des si- 
gnaux d'^critureZI ctur , 
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un moy n photod^tecteur (106) apt k 
fournir un signal ^lectrique n fonction 
de la lumi^re qui lui arriv , ledit nnoy n 
photod^tecteur (106) incluant un r^seau 
(114) de diffraction optique de r^f^rence 
transnnettant la lumifere et apte, en asso- 
ciation avec ledit r^seau (14) de diffrac- 
tion optique se trouvant dans ledit sup- 
port d'enreglstrement magn^tlque (10), h 
fournir un diagramme detectable par ledit 
nnoyen photod^tecteur (106), ledit moyen 
photod^tecteur (106) ^tant apte k fournir 
des signaux ^iectriques indicatifs de la 
lumidre qui lui arrive, 
une source de lumi^re, ladite source de 
lumi^re 4tant plac^e pour envoyer de la 
lumi^re (108) incidente sur ledit support 
d*enreglstrement magn^tique (10) qui 
sera ensuite d§tect6e par ledit moyen 
photod^tecteur (106), 
un moyen pour comparer les modifica- 
tions dans lesdits signaux diectriques en 
fonction des modifications dudit diagram- 
me en r^ponse k un d^placement relatif 
desdits r^seaux optiques de diffraction 
(14, 114). et 

un moyen d'asservissement pour modi- 
fier la position de la tete (104) d'ecritu- 
re/lecture en r^ponse auxdites modifica- 
tions dans ledit diagramme afin de 
conserver ladite t§te (104) d'^critu- 
re/lecture en alignement avec une piste 
magn^tique s^Iectionn^e, 

caracterise en ce que: 
ledit support d'enregistrement magn^ti- 
que (10) est un support d'enregistrement 
magn^tique (10) transmettant la lumi^re 
qui comprend un support transparent 
(12), une couche continue transmettant la 
lumi^re, faite d'un mat^riau (16, 16a) 
d'enregistrement magn^tique, port^e sur 
un cdt§ ou tes deux dudit support trans- 
parent (12), ledit support transparent (12) 
portant aussi un rdseau de diffraction op- 
tique (14) transmettant la lumi^re, au 
moins sensiblement de memo 6tendue 
que la region sur laquelle sent enregis- 
tr^es des pistes magn^tiques, la 
construction du support d'enregistrement 
magn^tique (10) transmettant la lumt^re 
etant telle que la (les) couche (s) conti- 
nue (s) transmettant la lumi§re faite (s) 
d*un mat^riau d' nr gistrement magndti- 
qu (16, 16a) st (sent) en contact direct 
avec la (les) tete (s) correspondante (s) 
d'^critur /I cture (1 04.204,302a,b). et 
tadit source de lumi§r t I dit moy n 
photod^tecteur (106) sont places sur les 



c6t4s opposes dudit support d' nregis- 
trement magn^tique (10). sachant que la 
lumiere qui arrive sur ledit moyen photo- 
d^tecteur (106) comprend les faisceaux 
5 non diffract^s de la lumi§re (108) qui 

anive sur ledit support d'enregistrement 
magn^tique (10). 

2. Systlme selon la revendlcation 1. dans lequel 
10 ladite source de lumiere fournit de la lumidre 

infrarouge d'une longueur d'onde pr^d^termi- 
n^e. 

3. Syst^me selon la revendlcation 2, dans lequel 
75 ladite lumifere infrarouge a une longueur d'on- 

de d'environ 850 nm. 

4. Syst§me selon la revendlcation 2, dans lequel 
ledit moyen photod§tecteur est apte h fournir 

20 une detection d'un d^calage de phase de 90 * 

dudit diagramme. 

5. Syst^me selon fa revendlcation 2, dans lequel 
ledit moyen photod^tecteur est apte k fournir 

25 une detection d'un d^calage de phase de 

180* dudit diagramme. 

6. Systeme selon la revendlcation 2, dans lequel 
ledit reseau de diffraction optique transmettant 

30 la lumiere se trouvant dans ledit support d'en- 

registrement magn^tique et/ou ledit r4seau de 
diffraction optique de r4f§rence est un reseau 
de diffraction optique de Ronchi. 

35 7. Systeme selon la revendlcation 2, dans lequel 
ledit moyen photod^tecteur et ladite tete 
d 'Venture/lecture sont portVs sur un chariot, au 
proche voisinage Tun de I'autre. 

40 8. ProcVd^ de positionnement d'une tete d'4critu- 
re/lecture adjacente k un support d'enregistre- 
ment magnetique pour 6cnre ou lire des don- 
nVes sur I'une sVlectionnVe d'une plurality de 
pistes se trouvant sur ledit support d'enregis- 
45 trement magnetique, ledit procVde comprenant 

les etapes consistant 

- positionner un support d'enregistrement 
magnetique transmettant la lumifere en 
relation d'ecriture/lecture avec une tete 
50 d'ecriture/lecture, ledit support d'enregis- 

trement magnetique transmettant la lu- 
miere comprenant un support transpa- 
rent, un couche continue transmettant la 
lumifere d materiau d'enregistrement 
55 magnetique placee sur un cdte ou les 

d ux cotes dudit support transparent, le- 
dit support transpar nt portant egal ment 
un res au de diffraction optiqu tran- 
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smettant la lumi§re au moins sensible- 
ment d mem ndue qu la region 
sur laquelte sont enregistr^es des pistes 
magn^tiques, la construction du support 
d'enregistrement magn^tique (10) tran- 
smettant la lumi^re etant telle que la (les) 
couche (s) continue (s) transmettant la 
lumldre. falte (s) d'un mat^riau d*enregis- 
trement magn^tique (16, 16a), est (sont) 
en contact direct avec la (les) tete (s) 
d'^criture/Iecture correspondante (s) 
(104. 204, 302a, b). 

ddplacer ledit support d'enregistrement 
magn^tique par rapport h ladite tete 
d'^criture/lecture pour produire des si- 
gnaux d'dcriture/lecture, 
envoyer de la lumi&re h travers fedit sup- 
port d'enregistrement magn^tique, 
detector la lumi^re transmise h travers 
ledit support d'enregistrement magnetl- 
que avec un moyen photod^tecteur apte 
h foumir un signal ^lectrique en fonction 
de la lumi^re qui lui arrive, ledit moyen 
photod^tecteur incluant un r^seau de dif- 
fraction optique de r§f§rence transmet- 
tant la lumi§re et apte, en association 
avec ledit r^seau de diffraction optique 
sa trouvant dans ledit support d'enregis- 
trement magn^tique, h fournir un dia- 
gramme detectable par ledit moyen pho- 
tod^tecteur, ledit moyen photod^tecteur 
etant apte k fournir des signaux eiectri- 
ques indicatifs de la lumi^re qui lui arri- 
ve, sachant que la lumiere incidente sur 
ledit moyen photod^tecteur comprend 
les faisceaux non diffract^s de la lumiere 
incidente sur ledit support d'enreglstre- 
ment magn^tique, et 

modifier la position de ladite tete d'6cri- 
ture/lectura en r^ponse auxdits signaux 
etectriques pour conserver ladite t§te 
d'ecriture/lecture en alignement avec une 
piste magn^tique seiectionn^e. 
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